I t has long been know n th a t m ate rn a l circulating antibodies pass into th e foetal blood in rab b its during th e la tte r h a lf of pregnancy. The allanto-chorionic p lace n ta has been assum ed to be th e site of this transference, th e n um ber of tissues separating th e tw o blood stream s being reduced to a m inim um in rab b its a t these stages. I t w as show n in a recent p ap er th a t, a t a stage before th e establishm ent of th e em bryonic circulation, m a te rn a l circulating antibodies pass th e bilam inar om phalopleur into th e yolk-sac cav ity . I t is show n in th is p ap er th a t in 24-day em bryos antibodies pass from th e m ate rn a l circulation b y w ay of th e u terin e lum en an d th e yolk-sac splanchnopleur into th e foetal vitelline circulation, a n d do n o t pass b y w ay of th e allanto-chorionic placenta. The m eth o d em ployed involved injection of im m une ra b b it serum either into th e u terine lum en or th e m a te rn a l blood an d in te rru p tio n of th e foetal vitelline circulation of some of th e em bryos b y lig atu rin g th e yolk-sac stalk .
I n t r o d u c t i o n
It has been shown previously (Brambell & Hemmings, with McCarthy & Kekwick, 1949; Brambell, Hemmings & Rowlands 1948 ) that plasma proteins, including specific antibodies (agglutinins), pass freely from the maternal circulation through the bilaminar omphalopleur into the yolk-sac cavity of 7-and 8-day rabbit em bryos. It is well known that young rabbits acquire a passive immunity from the mother mainly before birth, with some possible augmentation later via the colo strum. It has been shown that in actively immunized rabbits the agglutinin titre in the embryonic blood continues to rise from the 22nd day to full term (Rodolfo 1934) and the passage of agglutinins passively acquired by the mother after the 15th day has been observed (Brambell et al. 1948) .
These results reopened the problem as to whether the antibodies pass into the embryonic circulation in rabbits by way of the allanto-chorionic placenta, as has been generally assumed heretofore, or by way of the only other available route, the yolk-sac splanchnopleur, or both. The presence of antibodies in the yolk-sac cavity, before the allanto-chorionic placenta is established, clearly suggested the latter as possible. The fact that antibodies pass rapidly through the gut wall from the first feed of colostrum into the circulation in new-born ruminants supports this suggestion, because the yolk-sac splanchnopleur is morphologically an extraembryonic extension of the mid-gut wall. In the rabbit the allanto-chorionic placenta is fully established by the 15th day, by which time the bilaminar omphalo pleur has disrupted, exposing the entoderm of the everted splanchnic wall to the uterine lumen. The original uterine epithelium of the antimesometrial or
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9-2 132 obplacental region, which was invaded by the omphaloidean trophoblast, has disintegrated, with the omphalopleur, and a new epithelium has been regenerated, with which the exposed yolk-sac entoderm is neither fused nor in contact. Thus the solution of the problem of transmission by this route requires answers to two questions. First, do antibodies pass from the uterine lumen through the yolk-sac splanchnopleur into the embryonic circulation? Secondly, if so, do they pass from the maternal circulation into the uterine lumen during pregnancy? The experiments described herein were designed to provide answers to these questions. The first experiment consisted of the injection of Brucella abortus immune serum directly into the lumen of one of the two uterine horns, the other horn serving as a control. The second experiment was a repetition of the first after interrupting the vitelline circulation of some, but not all, embryos on the experi mental side. The third experiment consisted of the intravenous injection of immune serum into the mother after interruption of the vitelline circulation of some of the embryos. I t was appreciated that this last experiment alone, if successful, was capable of providing all the information required, but the possible technical hazards involved justified the cautious approach by way of the simpler experiments.
F. W. R. Brambell and others E x p e r i m e n t a l t e c h n i q u e
The majority of the animals used were Dutch rabbits of the Agricultural Re search Council's Compton strain. A few, of various breeds, were purchased from the trade.
Many, but not all, of the animals were blood tested prior to use and were invariably found to contain no specific agglutinins for Br. abortus. In every case, except no. 208, the negative titre in some of the embryos provides adequate evidence of the absence of agglutinins prior to injection; each animal therefore was self controlled.
The operations were performed at 23 to 26 days post-coitum, 24 days being found to be the optimum since this was the earliest stage at which sufficient serum could be collected from each embryo for testing. Anaesthesia was effected by intravenous injection of up to 1 gr./kg. live weight of veterinary Nembutal followed by ether. A dose of 0*01 gr./kg. live weight of atropine, administered intravenously 30 min. before operation to reduce mucous secretion in the respiratory tract, diminished the risk of respiratory failure under prolonged anaesthesia and was employed in all the experiments involving intra-uterine injection. I t was omitted in the ex periments involving intravenous injection of serum on account of the probable reduction of uterine secretion. A dose of 0-25 ml. of l. adrenalin (B.P.) was usual whenever breathing became unduly laboured. Amphetamine sulphate was ad ministered during or after the operation in doses of 0* 1 gr. to 0-25 gr. subcutaneously or intravenously when required as a cardiac stimulant. The operations were performed with aseptic precautions. An incision was made in the mid-ventral line and the gravid uterus partly or wholly exteriorized and wrapped in warm gauze dressings wetted in saline. In conceptuses at this stage the umbilical vessels divide into the allantoic and vitelline vessels within 1 cm. of the umbilicus, the allantoic vessels branching and running round the side walls of the thin allantoic vesicle to the mesometrial allanto-chorionic placenta (figure 1). The vitelline vessels run laterally between the conjoined amnion and allantois and, from the point where these membranes diverge, they extend freely across the cavity of the exocoel as the long yolk-sac stalk which joins the yolk-sac splanchnopleur at a point on the circumference of the membranes two-thirds of the way from the mesometrial to the antimesometrial pole. This part of the yolk-sac stalk which is free in the exocoel runs round the embryo just behind the shoulder. The vitelline vessels radiate over the surface of the area vasculosa from the junction of the yolk-sac stalk. The uterine wall is sufficiently stretched and transparent to permit of seeing clearly through it both the yolk-sac stalk and the point, marked by the radiating vessels, where it joins the yolk-sac splanchnopleur. This point lies approximately 0-5 cm. to the antimesometrial side of the lateral uterine vein, which is con spicuous. By carefully lifting a small fold of uterine wall immediately over this point, a small radial incision 2 to 3 mm. long could be made without injuring the embryonic membranes beneath. These immediately bulged through the hole and, if this was well placed, the exposed portion included the place where the yolk-sac stalk joined the splanchnopleur. Seizing this with fine curved forceps with rubber-covered tips it was easy to ligature the yolk-sac stalk a few mm. from its end without rupturing the yolk-sac splanchnopleur. Two silk ligatures, placed a couple of mm. apart were employed in each case. The silk ends were cut off short, the edges of the uterine incision lifted with forceps and the membranes gently returned to the uterine lumen. The incision was sutured with two or three stitches of silk, the sutured incision then pinched up in forceps and a silk ligature secured around the neck of the small fold, thus completely isolating the incision. The suture facilitated placing this ligature and prevented it slipping off subsequently, and the ligature prevented bleeding from the incision. Little difficulty was experienced in performing this operation without loss of em bryonic fluid and with negligible uterine haemorrhage, provided care was taken to avoid interrupting the lateral uterine vein. Two, three or four embryos in each experimental animal were treated in this way and the mortality in the 24 to 48 hr. over which the experiment was continued was no greater in the operated, than in the unoperated, embryos on the experimental side or in those in the unopened control uterus. Noer & Mossman (1947) have found in the rat that tying the vitelline vessels did not result in death of the foetuses within 3 hr., as did tying the allantoic vessels, but did result in death within 4 days. Our experiments were not continued over so long a period but the vitality of the embryos at the conclusion appeared unimpaired. Death of embryos, both experimental and control, as a result of the operation was attributable either to the effects of anaesthesia or to too prolonged vascular stasis in the uterus due to pressure on the main uterine vessels resulting from exteriorization.
Serum was injected into the uterine lumen between conceptuses, through a fold of the uterine wall pinched up between the fingers. I t was necessary to exercise great care to avoid puncture of the membranes, injection into the uterine mucosa, or leakage of serum from the puncture. The uterine wall around the puncture point was ligatured immediately after withdrawal of the needle. For this purpose rabbit anti-serum to Br. abortus with an agglutinin titre o employed.
Intravenous injections of serum were administered through an ear vein after the laparotomy was completed.
The animal was killed by intravenous injection of magnesium chloride to secure inactivation of the uterine musculature, a sample of maternal blood being drawn from an ear vein or from the heart at the same time. The uterus was immediately exposed and samples of embryonic fluids, heart blood and stomach contents were drawn from each conceptus in turn, clean pipettes being used to draw each sample. Despite care one could not be sure of obtaining exocoel, amniotic and allantoic fluids unmixed. Even when the cavity from which the fluid was drawn was identi fied with certainty the possibility of rupture of one of the bounding membranes, permitting contamination, could not be entirely excluded. The agglutinin titre of each of the samples was determined by the standardized technique described previously (Brambell et al. 1948 ).
R e s u l t s

Intra-uterine injection of immune serum
Injection of rabbit serum of high
anti-Bru ag of one uterus was performed on two animals 24 days pregnant to determine if the antibodies would pass into the embryonic circulation. Both animals yielded decisive positive results, the sera of all the embryos in the experimental uteri having high titres, and the sera of none of the embryos in the control uteri having detectable titres. I t was concluded that the agglutinin was passing directly into the foetal circulation from the uterine lumen and not indirectly by way of the maternal circulation.
The omphaloidean vessels of some of the embryos in the experimental uterus were ligatured in the remainder of the experiments on intra-uterine injection of immune serum. The results concerning the serum of both these series of experi ments are summarized in table 1 where embryos with the vessels ligatured are indicated by a cartouche around the symbols for the titre of the serum. It can be seen by inspection of this table that the sera of all the untouched embryos in the experimental uteri had a highly significant positive agglutinin titre of not less than + + + jo , whereas the sera of all the embryos in the control uteri were nega tive at the lowest dilution tested, which was in aH except one where the amount of serum recovered was so small as to necessitate an initial dilution of The evidence for the direct passage of agglutinins from the uterine lumen into the embryonic circulation is conclusive. The sera of the majority of the embryos in which the vitelline vessels were tied were negative at a dilution of demonstrating that complete interruption of the circulation of the area vasculosa can preclude the entry of agglutinins into the embryonic blood. A significant agglutinin titre was found in the sera of some of the embryos in which the vitelline vessels were tied. This was puzzling at first, since the ligatures never became displaced, but examination of the area vasculosa of each embryo at autopsy revealed that al though in the majority of instances ligation resulted in interruption of the vitelline circulation, with stagnation and darkening of the blood in all the vessels, in a minority some or all of the vessels distal to the ligatures remained apparently normal and evidently contained circulating blood, although the ligatures were still in place. All embryos in which active circulation in the area vasculosa was noted at autopsy, as well as a few in which it was not, had a positive agglutinin titre in the serum. I t is not easy to understand how, in some cases, the vitelline circulation is maintained or restored after ligaturing.
Antibodies passing] J'rotn vnatevnal to j'octal civdilatio
F ig u r e 1. D iag ram of a 24-day em bryo r a b b it in its m em b ran es w ith in th e u te ru s. T he u te ru s has been opened la te ra lly w ith th e m eso m etriu m on th e low er side, exposing th e m em b ranes in th e u te rin e lum en. T he low er h a lf o f th e sp lan eh n o p leu r on th e n ea r side h as been rem oved, opening th e exocoel a n d giving a clear view of th e p la c e n ta a n d a l lan to is below a n d of th e yolk-sac sta lk w ith th e vitellin e vessels b ending u p w ard s in th e exocoel. T he ju n c tio n of th e yolk-sac sta lk w ith th e in ta c t u p p er h a lf of th e yolk-sac sp lan ch nopleur can be seen close behind th e shoulder of th e em b ry o . T he v itellin e vessels ra d ia te from th is p o in t over th e surface of th e a re a vasculosa. T he sinus term in alis can be seen c u t across on each side of th e p la ce n ta, m a rk e d b y th e ta g w hich is all th a t r e m ains of th e b ilam in ar om phalopleur. B etw een th e sinus term in alis a n d th e p la c e n ta th e exocoel is b o u nded b y chorion.
Anastomoses are known to occur between the vitelline and allanto-chorionic vessels around the periphery of the area vasculosa, where it adjoins the margin of the discoid allanto-chorionic placenta (Duval 1892). We also have observed such anastomoses but have been unable to determine if they are invariably present. The effectiveness of ligaturing the vitelline vessels as a means of stopping the circulation in the area vasculosa in any individual embryo may depend on whether these anastomoses are present and of sufficient size and suitably disposed to main tain the circulation of a part or the whole of the area vasculosa. We observed th at ligation resulted in darkening of the vessels in the centre of the area vasculosa but not at the periphery in some instances. The fact that the agglutinin titres in the 
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ill + . sera of those embryos which were positive, after tying the vitelline vessels, was as a rule significantly lower than in the sera of the normal embryos from the same horn shows that the circulation was only partially interrupted. Since the ligature is adjusted without penetrating the membranes the close approximation of vitelline vessels distal and proximal to it cannot be avoided, as can be appreciated by reference to figure 2. The endothelial walls of the vessels are very thin and are separated from the exocoel only by an equally thin mesothelium, hence it is possible that anastomoses could be formed at this point, re-establishing the normal vitelline circulation and by-passing the ligature altogether.
Antibodies passing from maternal to foetal circulation in rabbit 137
F ig u r e 2. D iag ram of a p a r t of th e yolk-sac s ta lk a n d of th e sp lan ch n o p leu r o f th e are a vasculosa su rro u n d in g th e p o in t w here th e y join. Tw o lig atu res h av e been fixed to show th e w ay in w hich th e vessels are tie d w ith o u t p erfo ra tin g th e m em b ran es.
The titre in the embryonic serum does appear to be related to the titre of the serum injected, since titres of to 3^0 were obtained after injection of grieo serum, whereas titres of yy to resulted from injections of 12180-serum. No such obvious relations appear to exist, under the conditions of the experiment, between the titre of the embryonic serum, and the quantity of serum injected, number of embryos exposed to it or time of exposure, suggesting th at the dose of serum may have been in excess of the capacity of the embryos to absorb it.
I t is significant that agglutinins were detected in the maternal serum of only two of the thirteen experimental animals. In one of these (no. 209) some leakage of serum from the uterine puncture on to the peritoneal surface was detected at the time of injection. Since the possibility of some such leakage or of injection of part of the dose into the tissues of the uterine mucosa instead of into the lumen cannot be entirely precluded even by exercise of the most meticulous care, two out of thirteen positives cannot be regarded as satisfactory evidence of the passage of antibodies from the uterine lumen into the maternal circulation. Since dilution of 1 ml. of serum with a titre of 2^0 in fhe maternal blood volume of ca. 120 ml. should give a titre of ca. 2V to the results indicate, on the contrary, th at little if any absorption of antibodies from the uterine lumen into the maternal circulation occurs about the 24th day of pregnancy in rabbits.
Intravenous injection of immune serum
The results of the third series of experiments in which immune serum was injected intravenously into pregnant rabbits immediately after the vitelline vessels of some of the contained embryos had been ligatured are summarized in table 2. It is apparent that all the untied embryos developed a titre of ^ to gV, showing clearly that agglutinins pass readily from the maternal into the embryonic blood. Hence the agglutinins in the maternal circulation must either pass through the allantochorionic placenta or be exuded or secreted from the uterine wall into the uterine lumen, thence passing into the embryonic blood in the area vasculosa. Since no agglutinins were detectable at a dilution of ^ in the serum of nine out of the eighteen embryos in which the vitelline vessels were ligatured, it is evident that in these the allanto-chorionic placenta was an effective barrier. The remainder of the embryos in which the vitelline vessels were ligatured had agglutinins in the serum at a titre which in most instances was significantly lower than in the un ligatured embryos of the same litter. It is, of course, theoretically possible that in these the antibodies passed through the allanto-chorionic placenta but there is no reason to suppose that incomplete interruption of the vitelline circulation did not account for the leakage, as in the experiments on injection of immune serum into the uterine lumen. Indeed, it was observed at autopsy that the circulation was maintained in some, but not in all, of these embryos with ligatured vitelline vessels in which agglutinins had passed from the maternal into the foetal circulations.
I t must be concluded from these results that antibodies can pass from the maternal circulation into the uterine lumen on the 25th day of gestation in rabbits. That this passage is not confined to exudation from the surgical lesions in the uterine wall is shown by the fact that the titres in the sera of the embryos in the operated uteri were not significantly higher than those of the embryos in the unopened uteri of rabbits nos. 135 and 151. One animal, no. 208, was pregnant in one uterus only and provided an opportunity, unfortunately unique in this series of experi ments, of demonstrating directly the passage of antibodies into the uterine lumen. The non-gravid uterus in this animal was ligatured above the cervix, care being taken to exclude the main uterine vessels from the ligature, at the same time as the vitelline vessels of two of the three embryos in the gravid uterus were ligatured. Fluid collected in the lumen of this non-gravid uterus and was aspirated at autopsy. This uterine fluid had an agglutinin titre of + at compared to a titre in the blood serum of + + + at 3^ at autopsy and + + + at when at a maximum shortly after injection of the immune serum.
%
The passage of antibodies into the extra-embryonic fluids and stomach contents of embryos
So far as was possible, samples of the exocoelomic, amniotic and allantoic fluids and of the stomach contents of embryos were collected at autopsy and tested for agglutinins in each series of experiments. Agglutinins were invariably absent from all the samples of these fluids from the embryos in the control uterine horns of the series involving intra-uterine injection of immune serum. Agglutinins were absent from the samples of allantoic fluid in all embryos, experimental or control, as might be expected. Agglutinins were frequently present in the amniotic fluid. The titre did not appear to be correlated with that of the foetal serum, as can be seen from table 3 summarizing the data for 78 embryos. The exocoelomic fluid in none of the 17 embryos for which data are available had a lower titre than that of the corresponding amnion although in a few instances it was slightly higher. These results suggest that agglutinins pass from the uterine lumen directly through the splanchnopleur into the exocoelomic fluid and thence through the amnion into the amniotic fluid, rather than via the foetal circulation. The reason th at agglutinins were found in the amniotic fluid in 40 of the 78 embryos and not in the remaining 38 is not apparent. Agglutinins were detected in the amniotic fluid of 20 out of 34 embryos from the series of intra-uterine injections and in 20 out of 44 embryos from the series of intravenous injections; they were present in the amniotic fluid of 15 out of 30 embryos in which the vitelline vessels were ligatured, and of 25 out of 48 in which the vessels were not ligatured. It is possible that we are dealing here with individual idiosyncrasies of the embryos analogous to those determining the secretion or non-secretion of antibodies in the saliva and other body-fluids of adults of various species. Agglutinins were detected in the stomach contents of 43 out of 77 embryos. Their occurrence and titre in the stomach contents and in the amniotic fluid appear to be correlated, as is shown by table 4. In one instance, not included in the table, a very high titre of + + + at in the stomach contents was due almost certainly to direct injection of immune serum into the embryonic mem branes, suspected at the time of injection. It can be seen that in 6 other embryos in which agglutinins were not detected in the amniotic fluid agglutinins were present in the stomach contents and in a further 13 embryos the titre of the stomach contents was higher than that of the amniotic fluid. It would appear that there is a tendency for the agglutinins to be concentrated in the stomach, either by differential ab sorption of water or by adsorption on mucus, probably from amniotic fluid which is swallowed. The occurrence and titre of agglutinins in the stomach contents and serum do not appear to be correlated, as can be seen from the data in table 5. Since the foetal circulation would appear to be the only other feasible route by which the agglutinins could reach the stomach contents this conclusion supports the assumption that they are derived from the amniotic fluid.
The somewhat unexpected results obtained with the stomach contents raised the question as to whether this might be the result of some non-specific reaction due to their mucin content. In order to clear up this point, as far as possible, a number of samples of stomach contents were set up in duplicate, using, in addition to the standard Brucella antigen, a standard antigen prepared against Salmonella pullorum, an easily agglutinable organism causing a specific enteric disease of young chicks. No agglutination of this organism took place in any dilution. This result was accepted as reasonable proof of the specificity of the original reactions. The experiments on intra-uterine injection of immune serum demonstrate that agglutinins present in the uterine lumen pass rapidly into the foetal blood in the area vasculosa of the yolk-sac splanchnopleur of 23 to 26 day old rabbit embryos. This occurs without exception in all the embryos in which the vitelline circulation is intact and which are exposed to the immune serum. This capacity of the yolk-sac splanchnopleur of rabbit embryos to admit antibodies into the circulation is shared with the gut of the new-born young of many mammals through which antibodies from the colostrum pass rapidly into the circulation. This is not surprising since, morphologically, the yolk-sac splanchnopleur is an extra-embryonic extension of the mid-gut wall, and, in fact, this consideration led us to predict the possibility (Brambell et al. 1948) . I t is possible th at the transitory permeability to antibodies of the gut of the new-born should be regarded as a neonatal extension of what may be a characteristic property of the antenatal splanchnopleur, both intra-and extra-embryonic.
Two considerations indicate that the agglutinins pass from the uterine lumen directly into the blood in the vessels, and not indirectly by way of the other em bryonic fluids. First, the occurrence of agglutinins in the exocoelomic and amniotic fluids of embryos exposed to immune serum in the uterine lumen is very erratic, only ca. 50 % showing a positive titre, in sharp contrast to the regularity of their occurrence in the blood. Secondly, successful experimental interruption of the vitelline circulation precludes their entry. Direct entry from the uterine lumen into the vitelline vessels involves passage, first through the cellular layer of yolksac entoderm, which is at this stage in the form of a regular cubical or low columnar epithelium that appears to be uninterrupted throughout the extent of the area vasculosa, then through the thin layer of splanchnic mesenchyme surrounding the vessels, and finally through their endothelial walls. The vessels themselves, with their covering of mesenchyme and entoderm, project into the uterine lumen, forming pronounced ridges on the exposed surface of the yolk-sac, thus presenting the maximum surface area.
The experiments on intravenous injection of immune serum demonstrate th at agglutinins in the maternal circulation of 25-day pregnant rabbits appear in the uterine lumen. The uterine epithelium of the extra-placental region of the mucosa is intact at this stage of gestation. I t has been regenerated about the 10th day, following its invasion and destruction at the time of implantation by the trophoblast of the bilaminar omphalopleur. Hence the agglutinins must traverse this layer. Little evidence was obtained as to whether they are actively secreted by the cells of the uterine glands or epithelium or whether they appear in a vascular transudate. The occurrence of agglutinins in the fluid recovered from the single non-gravid uterus encountered shows that the presence of placentae in the uterus is not a necessary condition for their appearance. The titre in this fluid, + + + at 3* 5, was only one-eighth of that in the maternal serum, which was + + at 3^0, a very interesting observation on which it would be rash to build until more data are available. I t is also somewhat surprising, in relation to the problem of the permeability of the uterine mucosa to agglutinins, th at the experiments on intra uterine injection of immune serum did not provide clearer evidence of their passage from the lumen into the maternal circulation. I t must be remembered, however, that the resulting dilution in a total blood volume of ca. 120 ml. would require the passage of the agglutinin content of approximately 0-5 ml. of immune serum with a titre of f° be detectable, although this is a comparatively small amount in relation to the total internal surface area of a gravid uterus exposed to the serum.
The prevention of passage of agglutinins from the maternal circulation into the foetal blood by successful experimental interruption of the vitelline circulation shows that agglutinins do not pass through the allanto-chorionic placenta of rabbits on the 25th day of gestation in detectable amounts. This is, perhaps, the most important and surprising result obtained, for the placenta of the rabbit at this stage is, according to Mossman (1926) , haemo-endothelial; the most advanced type known. It has been generally supposed, not unreasonably, that the functional efficiency of the placenta is related to the degree of reduction of tissue layers inter vening between the maternal and foetal circulation, and this reaches a climax in haemo-endothelial placentae. Hence the antenatal passage of antibodies in rabbit and man has been attributed to their respective haemo-endothelial and haemo-chorial placentae. Yet despite the possession of what is rightly regarded as the most specialized type of allanto-chorionic placenta known, our results show that maternal antibodies reach the rabbit embryo exclusively by way of the yolksac splanchnopleur. Obviously the route of antibodies into the human embryo requires reinvestigation but it cannot be the same as in the rabbit, for the yolk-sac is small and is isolated by the exocoel from the chorion, which remains intact throughout development. At least it is clear that the similarity of rabbit and man in the intra-uterine derivation of passive immunity from the mother is not explained by the similarity in placental architecture.
The occurrence of agglutinins in the exocoelomic and amniotic fluids and in the stomach contents of some of the embryos shows that they can pass through both the splanchnopleur and the amnion, their absence in others suggests that one or both of these membranes may exclude them. The fact th at embryos exposed to high-titre serum invariably admit agglutinins to the circulation but only allow them to pass through the thin bounding membranes into the exocoel and amnion in 50 % of the individuals is remarkable, and recalls to mind the individual varia tion in adults in the capacity to secrete immune bodies in the saliva and other body fluids. The apparent capacity of the embryonic stomach to concentrate agglutinins from the amniotic fluid is an intriguing associated phenomenon deserving further investigation.
Finally it is worth emphasizing that the technique of intra-uterine injection in pregnant rabbits provides a means of introducing y-globulins into the embryos without introducing them into the maternal circulation. If this holds for other proteins, the method may provide great opportunities of exposing the embryos to protein hormones, anti-rabbit-protein sera, etc., th at could not be introduced by way of the maternal circulation.
S u m m a r y
The problem of whether antibodies pass into the embryonic circulation by way of the allanto-chorionic placenta or by way of the yolk-sac splanchnopleur or by both routes was investigated experimentally by intra-uterine and by intravenous injection of immune rabbit serum into normal 24-day pregnant rabbits. A surgical technique for the interruption of the circulation of the area vasculosa by ligaturing the vitelline vessels without perforating the embryonic membranes is described.
Injection of rabbit serum of high anti -B r u c e lagglutinin one uterine horn resulted invariably in a significant positive agglutinin titre in the embryonic sera of all the normal embryos in it. No agglutinins could be detected in the sera of any of the embryos in the other or control uterine horn. No ag glutinins could be detected in the maternal sera in eleven of the thirteen experi ments, but the remaining two showed a low titre probably ascribable to faulty technique. It is shown that ligation of the vitelline vessels stops the circulation in the area vasculosa in the majority, but not in all embryos, the circulation being partially maintained in some, by anastomoses between the vitelline and allantoic vessels or possibly restored by anastomoses around the ligature. The passage of agglutinins into the sera of these embryos depends on the maintenance of the vitelline circulation since no agglutinins could be detected in the embryonic sera of the majority, but agglutinins could be detected in a minority. The results show conclusively that agglutinins pass directly from the uterine lumen into the em bryonic circulation of the area vasculosa.
Intravenous injection of immune serum into 24-day pregnant rabbits resulted in a positive titre in the sera of all the normal embryos. No agglutinins could be detected in the sera of half of the embryos in which the vitelline vessels had been ligatured, and the titres in the sera of the others tended to be lower than in the sera of the normal embryos. I t was concluded th at the allanto-chorionic placenta is an effective barrier to the passage of agglutinins in many, and probably in all, embryos. It was concluded also that agglutinins can pass from the maternal circulation into the uterine lumen on the 25th day of gestation. This latter con clusion was confirmed by the recovery of uterine fluid with a positive titre from a sterile uterine horn of one animal.
Samples of the exocoelomic, amniotic and allantoic fluids and of the stomach contents of the embryos were tested for agglutinins. Agglutinins were not detected in any of the samples from the embryos in the control uterine horns of the series of intra-uterine injections. Agglutinins were present in about half the tested samples of exocoelomic and amniotic fluids and of stomach contents of embryos exposed to immune serum. None were detected in any of the samples of allantoic fluid. The titre in the amniotic fluid never exceeded that in the exocoelomic fluid but did not appear to be correlated with that of the embryonic serum. These results suggest that agglutinins pass directly through the splanchnopleur into the exocoel and thence through the amnion. Individual idiosyncrasies may account for the ir regularity of the results, in contrast to the regularity of passage into the embryonic blood. The occurrence and titre of agglutinins in the stomach contents and in the amniotic fluid appeared to be correlated, but the titre in the former tended to be higher. The occurrence and titre of agglutinins in the stomach contents and em bryonic serum did not appear to be correlated. I t is suggested that the agglutinins in the stomach contents are derived from the amniotic fluid, and tend to be con centrated in the stomach, either by differential absorption of water or by adsorption on mucus.
The significance of the results in relation to the structure of the placenta and embryonic membranes is discussed. I t is suggested that the transitory permeability to antibodies of the gut of the new-born may be a neonatal extension of a character istic antenatal property of the splanchnopleur. The possible value of the technique of intra-uterine injection during pregnancy as a means of introducing proteins into the embryonic circulation without interfering with the maternal circulation is indicated.
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